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(54) SWITCHED CAPACITOR CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a switched capacitor circuit which 
prevents a leak current increase and performs high accuracy operation with 
a low power supply voltage to attain low power consumption. 
SOLUTION: In an NMOS transistor that constitutes each switch 5 to 8. 
when a control voltage of each substrate voltage control terminal 52, 62, 72 
and 82 is increased, a threshold voltage decreases. In a PMOS transistor, 
when a control voltage that is applied to each substrate voltage control 



terminal 53, 63, 73 and 83 is decreased, the threshold voltage increases. In 
an integrator 1 1 , if a substrate voltage is controlled to increase an absolute 
value of the threshold value when each switch 5 to 8 is off, a leak current 
reduces and integration precision is improved. If the substrate voltage is 
controlled to reduce the absolute value of the threshold value when each 
switch 5 to 8 is on, it is possible to reduce a power supply voltage and to 
attain low power consumption, as it is possible to surely turn on the 
transistors with the low power supply voltage. 
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[SS*Jg1] MOShT^vXiilC.koTifiE*^ 
X-f ^5MC t |:oT*AV^>*C0:fcSt«£$IJffl>-*-£X.< <y 

UliSSMOS h^>i^X$COL£lMl»EtDS&*tffi£ 

^iSfL. «8ScDliiIfBX-i'<;/^£3SSlc;*-> • 
«W* = i:f=J:y. ll*fB*v/<->*coft«t®£iMjS]-r-i> 

x-r h*-w*->£isi8&-e&oT. 

«»<DffJfBX^^£«jrr41£#CDMOS (-7>S?X 
*KDT**)l>t*HDn&£MW?&Zklz&l). «&C01?iJ 
IBXi-^co?*.. *>tt!lga>X-r 
(5MOS h^>vX$(DL#l>temi±CD&*tffi£|5)B#lc 

> =? > $ CD L c?lMS8l±cD$£J i Hi!£|p|B#lc^# < 

[sf*JS3j £fcl*fS3*JR2lcSB«cox>f •> 

MiHX-f^^l*. Nf^*Jl/MOS h5>vX*f:fcli 
PfV^JI/MOS h^>^X$CO{j>££< i: t-^^Jilt 

[»^4] W*JS3IClBetDX'r^K*-W^>S 

HiIIBX-< y^li, NfV^MOSh7>-/X$tPf 
t^MOS > vX CM O SftJilcCD K 
<5 > X 5 «v -> a - h £> J5E 6 C <t £ ttfft i: -f ■& X -f 

[»^5] IS*J13lcfeiE©X^v^h*v/^>2 

miBX-f-yTI*. ¥^#Sffi±lc*feiiii*II£:frLTfl2j£ 
*+lfc*$SS*il(*)llcTfllJ5!t$+lfcMOS h7^X 

<t4.MISMOS h^vX^CO^V^MSiiSICfcf 
IrIU mft&&i*mto\zMlto2,-£Htzmit>&#-W&k. 

tfJlBX-f «/^CO;*->B#lcli, E"If3M O S h7>vX$CD 

L#iMimEco*£**te£'h£ < -rsm 1 co*jwsi±£jitj 

IB»*«Ei«flMm=ai»l U . 

fliTfBX-f v^CD-t^&HZtt. HiTfBMOS h7>vX$CD 
L £lMSBEEco*&*Hii£:*:# < 2 

tBS«ai±*f]»jg^icEnuD-r s z t z t -r a x -r <v 

[«*Ji6] iS3R3S3^fclili^Ii4l-f5«COX'r-y 



^ f-*-wSv*li]B&i::fc^-c. 

A¥«t*|g |C T«fiE * *lf= N =f- * *;UM O S h ^ > vX 

£&¥mi*&&± \znmwm £ it it mat <* *tt=m 2 co 
vx* 

ttflrlSN^Vt-H'MOS h^>i?X*CO^-v*. 

'J>£< ttfrlBP^-vt-^Mos h^>vx£co^*. 
JMWti=#flu fifB$fti^i*)irticatoi2.*ttfcm2co 

fifem 1 costo^mfiiicsisi* nfcm 1 cd*«[«ie« 

mtzm 2 toafta*.«ai=tttt * tufc* 2 cds«bi±*ii 

frfBx-< •v5 L C0^->ftlCli, MIBN^V^^UMOS 
>S?X * CO L £lMfiSEEco*fe*Hi£'h S < f 3 cofcj 

ic. ffliBP^vt-juvios h^vx^cou^LMiSE 
col£*tfit£ /h$ < -T 414 co MftVEESfflTG* 2 co£«i 

SJjfBX'T -v^C0^-7^ICli % MfBN^-V^^MOS 

> v x ^ co L # L^SJ±co$6*Ht # < -r *m 5 co*iJ 

mwE.zmitt 1 co*«ni±*j(»ai8TicH]*p-r-i)i« 
ic. #rfBP^-\'*-;nvios h7>vx-s»coL#t^ss 
<Ojfc*Hi££* £ < -T -5>«6 co*J(IBi«S^friBjg 2 co««i 
S£*iJ»^l=ffl^£,C££#ft£T<5>x-f -v^- h^F 

[i**3S7] !&3fc]S3ICfBmCDX-f -V^ h^FV/^V^ 

ffiFlBX-f-y^l*. ttmft&mtWpjLMZl&mZtltzM 

OS ^• : 7>vX^^A^C>J^Ry . 

ftFfB^ x )\,±.[zw>m S t . 

S^«:«Bl=««i**Lfc*««JE*iJWaSl^i: 

fHBX-f-v^CO^->^lcl* s grlBMOS h^l/vX^CO 

L # t^fitSEcO$6Wfil £/h $ < -T 1 co«»ai± 

iBftisajiMffli^icffiin] u 

MBXl'-v^C0^-7^l-l*. fjffiMOS h7>^X^C0 
L^t^ffimE<0$6^ffi^^# < -TSm 2C0*(|»«E$«!I 
IB»«mii«l W^IC EPUn-r&Z<!:£ft& ( «:-r£X-r-y 

[1S*3I8] l*^3*/=liiS3R^4UfEi6cOX-<^ 

StrlBX'T-y^l*, 

*^(*8*K±C0 P ^ 1 Mz mm $ Nf t^Jl/MOS 

h7>VX*<h. 

^j^i*S*E±co n ^ 1 MzmsS. * iftfc P ^ -V ^.;um O S 
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SiTlE P O i fr±\z MtfL £ titz P SffiSWI t . 

1MB N -7 1 JUiU^fig $ Hfc N SffiStlS £ WIS P HJ&Sfc 

fTtHX-f v=?(D*>miZ\t. HiTfSN^A'^UMOS 
>S?X$ (D L #lMI»Ea>|i&*f fit£ /h£ < "T -5B 3 (DM 
j»SEE£li1JfSSi 1 0»«BE«flP^lcBiio-r-6t* 

< -r -sm 4 ro««iaa$frSBSB 2 

>yX^©L £LMtmi£.a>*B:*tfiI£ < f -5 IS 5 (Bfll 

f»EE*inriBft 1 <o&mw&mm®=f-izmisi-tz 

\z^ fflSBP^-V^-JUMOS h^^vX^KOLS-L^fltSEE 

©^wffi^ < -r -sm 6 rowsE^MtBSi 2 ©s« 

V/^->'5'Is]8&, 

[IftsfcJS 9 ] iS*>S 1 ~ 8 aivftifr i ^|ciB«0)X 

<t v— hiE 1 £ si l < -r-5 c ^ sitfitt -r sx-f ^ 

[S&BJ§<DPMffifciftBji] 
[000 1] 

^ ii-r * t fl) t? & -5 o 

[0 0 0 2] 

P^7^;U^. A/D&&SS, fSiI«t£ 
i*©S-liT^-P-7*Ial8&^ll^-rsX-i' -y^ h*-v/^>$ 

[0 0 0 3] Ell 2(C. ft3fe<&X-< ^ h*"W<*>*» 

»S1 o Hi, fcfl-SiroA^aS^i , *ff*tait2. «| 

SEA*)SaBT9, ft^ScDffi^iSTl 0A^«J5E$*tT 

[0 0 0 4] AAJtff-1 <!:;1l^litSS2<DSteA?1^ 
«t<DHI^I*. X-f-^^5, ^>7U>^§i4, X'T-y 

AtX-< v=rsk<DM<DS— VBk&mWE.^X^Q 



;HS:ii*iS2©SteA*^iiti*^i otroiaicli 

[0005] S-X-f -Vf 5-8liCMOSiBi(D 

x-f y^5~8£^;h.^;ftttJirr£&N^-v*>UMOS 

h^>vX^ICli#'tr— O. 6 0, 7 0, 8 0 

A<ISIte,4x. #X-f •vT5~8^^tl€^«JS-r-5#P 
ft^MOS h7>i?X^ICli#y— hSTF-5 1 , 6 
1. 7 1, 8 1 *<iSi+£;hTl>£o 

[0006] (Si. #X-f «>5 1 5~8$*JiE-r'5 ! &N ; ? 1 -V 

(=0 V) l=@^$ttTl^. =&X-f <y^5~8 

$mj|)t1--S#P^^t-VHVIOS K^>vX^(0«tSmE 

[0 0 0 7] #X-fy? : 5~8(D*-> -:f7li, 
AlEEf -SN^A^JUMOS h^^X'S'iS.fctf P^-V^- 
oT££;K-5o O^y. «-y-h^5 0. 6 0, 7 
0. 8 0. 51, 61. 71, 8 1 #X-f 

~ 8 £ ^-ti-F+iiijjit-r -5 n ^ * «fct; p ^ -v *;uro 

V— 1-^5 OlcliSUK^ Tij 
©fiJia^^AALrN^-vt-^MOS h7>vA$5 

y- hffi^5 i icSftSL"<;i. roj 

[0 0 0 8] Ell 3IC, X-f V=f- h^r-V/<v5f«»Sl 
0 1 0)=&X-1'-y^5~8lzA*$*l.'6«l|ffiHi^©f 5 
i/^A"- h£i*-r„ #«tJ{»^f 1, f 21*. Sl^(D 

Siu^ji/tf rij t*-5S««8iaj3f)<#si+-r, st^o 
sjwu^uA* roj <t^-5i««ssiHA<#a-r-5 2ffi-7 
P'v7-cfc^ Q f 1 . /<-f 2&*ti? 

#*)jjani^ f 1, f 2©t&aix/<^$ste*-B-fc2 

[0 0 0 9] X-f -v^ 1 F-^PV/«i>^W«-Sl 0 1 

f 1 . /<— f 1 (cfiloT^-> • «v 
7^6, 7£$1imi«-^f 2. /<— f 2lC$to-C^-> ■ ^"7 

$■t^•*ll^*L^. 1-^*7*.. s-x-r^T^s, s^flt^i. 
Nf -v^umos h^vyx^ro^y-h^fso, 8 

OUfflWi^f 1 £A*)U =&X^-y^5. 8£«|jS-r 
§Pf \r^l/MOS h^^vX^KD^-y— hJss-=F5 1 , 
8 1 izVmim'<— f 1 £A*)L, 'S-X'f v=J-6, 
fltJiE-r^N^-Vt-^MOS h7>v^$(0^- hSg^ 
6 0. '7 0l=««|f|#f 2£A*L. =&X-f-y^6. 7 
^ItfiE-r-SP^A'^^MOS l»7>vX$fl)^- h^S 
^6 1, 7 1 |C«{5P<1^^— f 2£A7J-T'5o 
[0 0 1 O] ^fc. X-f-VT" h^V/^>^«7^gl 0 1 
ZJE#mft&kLXW}ft£l£hlz\Z. &*<<vT5, 7 
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£$WfI#f 1. f 1 l=«eoT^-> • 1-?£*t* & 

x-f ^6, s&mmm^ f 2, a— f 2icftoT;*-> 

JjE-r-SN^V^UMOS h-7>i'X$<&<&'7 s — 

0. 7 0 iCfllJBHI^ f 1 £A*)U #X-f ->^5. 75 

"*fiE-r-5P^v^;nvios h^v^xiioty-ha^ 

5 1. 7 1 f 1 £A*U #X-< -v? 1 

6, 8 £#tfi£f SNft*/l/MOS h^>i'X$'(0#'7 t 
-FS8f 60, 80lcfl]WI#f 2£A*>L, &X-f -v 
^6, 8Si^t5Pf + ^l/MOSt-7>vX5ia)§ 
¥— hffliF-6 1. 8 1 (c$iJ»^g#/<— f 2 
[OOlll H. X-f h*A-/<->98»gl 0 1© 

[0 0 12] 

TU^-So — HaicMOS h^>vX£lc<fcoTflifi££;h.& 

T-^-o<flHl8St?j5-5X'f y^ h^F-v/^v^IslSSl- 
fel*Tt®ttl±4bl£iE/H§SS*4bl-A#&£S5#&'5o 

MOS h7>vX$lit>L'i<4oTL*5. 
[0 0 1 33 05*1*, x-f h+t/^ji8»Si o 

1 icfc^r. mjssi±A < iv'c Nf+^Mosh7 

>vX$<Z>L#lMiimi£*<+0. 6 V. Pf t*Jl-MO 
S H^vXSCDL^lMlSEE^-O. 6 VCD^^IC^) 

xSEIi-y^^KSEE-Cfc-Sfctf), L#lMiSI±G>*Jg 
<75<ili0.6V (=0 + 0.6) |Cfc£ 0 PfV^ 
MOS h7>i?X*<DV— X®EI*^5g®£T?fc-5fc 
L^l.^fii«I±ro^|gfl)«II*0. 4V (=1-0.6) 

[0 0 14] irC^T?. 1 V©mjlttEI*a?l!liEi(l©a 
emE-C&y, X-f h*-W^>SE]B&£«;t!Jigl!l<D 

ss^m^si-fijffl-r-sici*, 1 v(7)S3ssa-CiE«si 

HfiTf -SN^V^Jl-MOS h^^X^lC^l-f -St. 
*0) V-XS^IiSiSimiiA*^ 9 IC^^F tlT 
tztb* SIS (•7>*>X9©V-AIEI*, X-fy^h* 
•v/n*->*«#S 1 0 1 roSiSaiEtPIClc^^o x-f y 

Q 1 = CO • (V o u t 1 -V r 
dCT?, X-f 7f 8©'J — "S'SaSl^: I r8. X-f -y^l 

-f<y^7, 8^jfSUTS*mi±A73^9«y^3iEai-r 

Q 2 = t • I r 8 



?■ h+-v/^a»si o 1 ros*si±i±> « 

*>, croig^iio. 5vicfc.5o ttot. ^iSh7>^ 
T.^dif— hsffiT-6 OlcmaiaEirlSIC 1 VA<A2l£;h 
tt. MS&h^SxXSOTV— X ■ -7 1 — hfHSEteO. 
5VlcLA^f>^ Nft^UMOSh7>vX?©L 
#LNfitaii-C*-6 0. 6 V£±@.&;r£j!><T?#fcL*fc 

Si* h5>vX*l**>L.£l^C,bl::fc5. 
[0 0 1 5] mmz^ X-f>>f6Siit5Pf^ 
MOS h^>vX*-<P, ffiOX-f -yf 6$ifi£t5Nf 
V * >l/ fc <fc IX P ^ A» * ; U <7> # h 7 > X $ I Z O I ^ T 4, * 

M«I±©j&*Hi;&M£l^MOS K5>S'X*£mMxlf «fc 

<, 09*1*, m3s^ff*<i v-e, s»ai±*<o. 5v© 

i§£\ Nft^l/MOS h7>vX$CDL£LMil«l±£ 
+ 0.3VICL. PfA-^l/MOSh7>v^(DLt 
(,MiSI±$-0. 3 VIC-rtll*J:L% 
[0 0 16] 01 4I" N -(ISMSMOS h7>^$0) 

T, «$4I*MPS h7>vX$<DL#lMtmiE£>*fe>s*te 
-t?fcy, $Sljll*L#L^ai±(»$fejf*flt*<0. 6 V(75<k# 

£D';-^assfii$ 1 1 lt jESMbLfcu-^mssfii-r-fc 

•5 = 

[OO 1 7] L#lMfiSE<BS*&teA<'J^ "J — 

$ft*HI£0. 6VA^f,0. 3 VICTlf-St'J— ?S35l*& 

x-f h+Y/^^H^Si o 1 icisi**«## 

s 3 j= «t > * <j > y&m. 4 ic mm s *i fc mra 1* 

TL3:lV X-f -y^h+^/^vflHlS&OTJia-Cfe^^a 
raa>B^«#fl*^iz: Lfc < UZtziib. iti^=F 1 o A> 
t. tB * * *T.<5«#$SS©fSfi;Mg < Jjf o -c L * o o 
[0 0 18] CC-C, X-f h*-V/*V*«#§g1 0 
1 ^asffl«»S<t LTMtt£-e-fcig^lcJSIt6X-f -yf 

y^p-r<-r<&fcit), #x-f «y^5~7<oy-^«siEtt* 
*7y=s-x-<^^6. 7t<*>Ltzk&. vmm^f 20 

Sftlb^^A^ y^ofcttftlcfclt-Slii*^ 1 0<D 
BlE^Vo u t 1 , **Sl±A*l3i&T-9 0>mi±£V r e 

fttii. ca)^ict5U-c«^S3(cg«$*tr 
i^-SSffiQUi, it (i) lc<feo-c*toc>*i^„ ^i, W 

kqs. 3 rosaiti* c o t -r i>o 

[0 0 19] 

of) (Si) 

•SB^O^aQ2li, it (2) icjioTjfctoibft-S., 

[0 0 2 0] 



(S2) 
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ttoT, uwm^f zrossiu^;^ r i j t>\t, roj 

t2ttSt. ::0B*jAi::j5liTflt#*B3i::ttM£;h. 

Q3 = C0 • (Vo u t 2- 
= Q 1 — Q 2 
= C0 • (Voutl- 

3£ (3) <fcU3£ (4) ft*. 

(V o u t 2-V r e f ) 
= (V o u t 1 -V r e f ) 
(4) .fey. 'J— r 8*<+#C:/M2F <?»8n? 
#5«^l*«#§S3©«ffiA<S#£*U Vout2i 
Vou t 1 <tA<l$l£^LlM!Ufc-5fctfK IBAJHM 0 
* £ tB * £ +li)«^SrofiSg £iS < -S C i: # 
4. LfrL* 'J— 9«SKI r 8 vlg^|::li»## 
fi3<Dll?5j!><«#£*lfc:< fcy . Vout2iVout 

[0023] |s]tflC % =&X-f y^5~7l~-Dl^T*>. 'J 

- * taw* * 3 t$&.w>zf>) > 

y§M4<7)m?5A<tSl+TL*5fc«i. tb^^Tl OAnC, 

o i X'ttmrnam 

[0 0 2 4] ft. zoRItt, W^SlcKf>-r, x-f>y 
h-+-v/<v^Ial8SlcJ;oTfllJS$tLfc&«|T^-Dyial 

IC. COPo^HlC-^Lxri*. {I^8£$8: I CD 9 4-9 1 
(1 994-08) rftlEA/D, D/A**ttfl5j 

[0 0 2 5] *«HI£±GHIIA«fif&r&feftl=tt£ 

»l=««a«ffifl:*ffofclBl=» 'J— 

[0 0 2 6] 

[MS*Skt4feft»*S] ***BWS»JifrrSfc 
ftl=ft**tfc»*9ll(=E«a)*WI*. MOS h7>v 

>i?^*fl)f**iH»J«>WS(llitSCi:lcJ:ii), 3 
&X-T >y^(7)^->^lcliSKMOS h7>vX$0Lt 

[0 0 2 7] &ot\ ^SglJfllcfeftli, X-f -V^ro^-^ 



Tlt«*ftQ3l±S£ (1) (2) «fey. 5C (3) C:«fco 

[0 O 2 1 ] 

V r e f ) 



Vref) - (t • I r8) 



(S3) 



[0 O 2 2] 



- ( t ■ I r 8) /CO (3£4) 

<-r«ciic*y. agMos h7>;x$©'j-^i 

[0 0 2 8] X-f7frot>SlCMOS h7>V 

X*©L*l*MEfl)lt»**/J** <*-*Cil=J: y. 

@*Z^*<-C^*„ M. ^-C-y^<D^-i/^lzl*. MOS 
[00 2 9] g»*3«2l=ffitt©«WI4. MOSh 

x-f ^sxeicj*-:/ ■ zt7vm-tz>^k\~*. y. «ria 
s h 7 $ 0)f v *JH»3tf)tS^I9t S c t l:<t 

Mmos h7>3?x9au*iHit«EEa>ifc**tt$m 

[0030] <tC5t?. »#JR1 iCfBK^X-r yf- K^r 
0HH=*Sli4IMi!X-r'y*l*, l»^«4lclB« 
(Df|BJCDJ:-5lC. N^A-*;HVIOS h7>-yX* t P 
V4WUMOS h : 7>v.*$<t£{i;*.fcCMOSfl|fi£a> h 

lznWL<Df£$HD&o\Z^ NftUMOS 
[003 1] Jfclc. »*«5lCSBtt©fllfll*. H4MJI3 



(6) 



1 -1 6 3 6 4 7 



tfJSEMOS h^^isXZtoTTl-frmmzltfSlL. HilfE 

^mtesttiSEfiiwja^-icBitti-r-So *fc, «ifE^-f-v 

[0 0 3 2] fto-C. ^fgB^IC«fc^l^ SOIfltiKDN 

EPin-r «m*i*e £ uss-r * c <t icj: y s«si±$*ij» 

[0 0 3 3] JRIC. li^6ICiE«(Df§B^|±. g|3fcJg3 

Xtef&$ tltztS 1 <D**sa*ilH*@icr«j$**ifcN^ 

<*g£ 1> Lt tetfLU tifclfS 2 ©JtM£S¥iiP<*IIlcT«Jj£ 
SttfcP^-A'^UMOS h3ls e JX9tfrii>tii& a -f - L 

fc< ttfrlBP^-v^;uMos h7^vx$fl)f+*^ 
•wtfcatiau ffliBMSt<*@wicatf)ji*nfcig2roa 

i<&*«mE*wasTt. Btiiem2roa«>^asic^ 
^$^fcm2©*«mJEW^ : ?-i:^Cix.T^-5„ 
fjfsx-r ->^a)^->B#(ci*. fitSN^-v^^uMos 

ffrtEP^vt^nvios h7>vx^fl)Ltoti 
Eate#tt$/]i£ < -r as 4 ro*)i»ai±^ tnstt 2 

B#IC|* S gfTfEN^-Vt-JUMOS h^vX^WL^lMi 
VEftffetttt < 5 ©«H]»mE£litIfEm 1 0) 

»««E*MMm=HHn*"*£*i=. «riBP^^*iUM 

os h j 5>^x5t<DL#t^isaacoift»fls*^#<-r« 

[0 0 3 4] **WfC**ll<. SOIflt£0>N 

^■•Vt-^fc^l^P^V^^UCDMOS h^i'XSlC.fc-D 
TfHB*-f ^fcJMttbr 4 C SttVEMtt 



1-«wfc*«5nifel=&*fctt. L*l*ME*flffM©ttl= 
iSJtf Set 

[0035] af*JS 7 i=etta>«9)i±. »*jS3 

l=IB«©X-f h**/<t'*mMl=JSlvc. flJtBX-f 
•v^l*. ^aiftSSicO^x^Kc^fiE^ttfcMOS h7 
>vX$fre>f£-&o LT» X-f -y^ h^V/^v^lslK 
It, WE«>iiU±l=»J«**ifc«*Jit. 

WIEX-f ^CO^VBtlcl*. BillEMOS h7>vX$fl) 
^-7B#lcli. HiJfEMOS t»^>vX$a>L#LMiiaE0) 

< -r-sm 2©*i(aiaiE$MfE««isiE*ji» 
[0036] tot. **w(c«ktiii. *«asftii»4i 

^i=*j»aE£ Win* -6 cilery. HiJiEftBtHroaE 
£aft-*-«c£*<-c*«. -t lt. ««aEi*iiiriE«;ia 

[0037] »*gi8iziB«a)fEiBi*. Bt3fcJi3 

*fel*M*4l4l=Gtt0*'f h**/<*>*E]*l=i3 

nr. itriEx-r-v^i*. ¥«{*fttt±<DP4xju=»j* 

©NOxiUc^fiE^ttfcP^V^-VUMOS h7>vX$ 
fit, X^-y^h^rV/^^^lU^I*. «r 
IEP-7xiU±l=»«**LfcPa!a:«Hi:. MrlBN^xjU 

*tfc n attftn <t «rtE p sttttnictttt $ ti 
>e?x»a)L*i^fll«Ea)«M««'i^<-r<&*3 0!)« 

©**HI*^* < f -5SR4 OMff «E«HtFlBft 2 

lei*. fiiEN^-v^^Mos h7>^x^©u#t>fita 
*«ffi«IWSin=a«n+*4*l=. fifEP^vt-JUVio 

6 ©sflffliaiE * mew 2 o*«aE«ii»4si?-icHi*Dt- 
•5. 

[OO 3 8] StoT. *&W\Z£JM£. ««[«E««I1| 



(7) 



ftfflW- 1 1 -1 6 3 6 4 7 



zftmwm £ watt z c t ic * y &mms. turn-? z> c 
t*<pitgic^-5fctf). L#iMiaiE£fi>rsa><iti~ss:£-f 

tOO 3 9] iS5R«9lcfH«©HB^Ii I**5i1 

-8<©t^-f*vAM SI-IBeoxi'-y^ h*-V/<v*0B& 

icfci^r. frtHx-f'v^^fltfiE-r^Mos h^vx* 

EK^til*. SfcaEty-haiEtA^fL^fctfK £ 
4fljftplI]l&£^fflt-£C£j&<^fi&lcfcy. *«ai±£fl] 

tO 0 40] 

mwD&i&omm mimmiem) bit, 

Hifi^ffilcfctNT, Ell 2l=*Lfe%&a>JMft&mi:4t 
j£«ttl::oi.tTI*ft#««l,< LT*<Di¥*fflfci&li0.£* 

to o 4 1 ] H i mi HJSJfcSgaJX-f h*v/< 

1 1 ©BIMIWt**-*-. X-< h**/*v 
*»#Sl 1 ©flWtlCfcHT. El 2|C*LfcS£5)E0)X 

-f^»f o i ro«U«iSJtf*toi*JiL 

(i) =&x-r -v^5~8 ^aifiE-r^^N^v^^nvios 

■aMS«E*HMff5 2. 6 2, 7 2. 8 2^SI+btlt 

*sy. 51=. =&««iaEfij»^ic«iipmi± 

t0042] (2) #X>T-V^5~8£1*J5RT£#P : ? L 
V*JUMOS h^VvXSM::, -tft^tUDSffiaE^fll 

ffli-r^fcyxDSigmiEWW^s 3. 6 3, 73. 8 3 

*<i8l+£*i,Tfct.K ^-TSi^lc. #S«ilE««iS 

^FicwwaE^HiAD-r-scticfcy. ^i$««ai±^Hi 

to 0 4 3] ;*lc. X-f h*"W*v$«#Sl 1tD 

tttticooTiftfui-f h+t^-^s^si 

1 a>#x>f 'y^5~8lcA**tL-5*iJ»Hl* f 1 , f 

2, /<— f 1 , /N— f 21*. 01 3lC^-rX-f h^r 

A-^vf S»S1 0 1 Icfclt&^tiiUJCTJfc-S. -t L 
-c. x-<«/^h**/\"v*«#Sf 1 i£i£ffl«#S£fc 
(ijEffl«#g.!:LTiatt$1*&;fcS£i::^T4,, X-f-y 

■So 

10044] E12IC. =&S«t®EWP«T5 2. 62, 
7 2, 82, 53, 63, 7 3. 8 3 Icfflttl^ ft-SSW 
ai±<t. <&X-f <y^5~8£«j£-r5N^-v*,»Ui3J:t; 

pf^-^Mos h^vx^roL^iMiaE trolls 

^^-T. NfV*iHVIOS h^^X-SMCfc^T. 
«mi±«»Sg^- 5 2 , 6 2, 7 2, 8 2|cBl*n-r^*IJP 



a££VCH^f>VCL^l§*£-fc»-.5<h. L#LMiai±l*V 

tO 0 4 5] titz. Pftt«;i/MOS h^vX^lCfc 
l*T\ fi-StSaiiftllffll^ 5 3. 6 3, 7 3. 8 3ICW 

aJ±*J(SP«T 52. 62. 72. 82. 53, 63, 7 
3. 8 3lcffUjn£*i£$Wai±VCH. VCL. -VCH, - 

VTL, — VTH, -VM. f^fl)MOSh7>yX 

to 0 4 6] cc-c, 4#ifi»*<B*Bffiifcfciii$)a£fl?» 
■r-Sfc^O^SJclEKfl) r* 1 W$iJ»SEj lifWaiE 

va^fcii-vaicfflsu, iui:< 2 onrwajEj 
i*$fl{»mi±vcH*fcii-vcHicfflSL. pni:< rm3ro 

»1Ej lifljfmaE-vcLirffiSL. nnc< rmsofl] 
wns.i i**j{ipaEvcHicffl^L. mc< r&eom® 
affj iswaii-vcHicffla-r^o 

10 0 4 7] X-f»;f h*t/«vii»^1 ilcfci* 
T. =&X-f«v^5~8<0^-7B?(Cl*. gft^«J5K-r-5M 
OS h7>vX$<0L£^ffiBi±<D&ttte*<*#<fc* 

ffc*?*.. #X1'-V : ? 1 5~8(7>^-7B#IC|*. fcgfc 
iEM : f5 2 1 6 2, 7 2. 8 2 IcEPJjO-T £*WB 
I±^VCHlc-TSCi:(zJ;y. Nft^MOS h^>v 
X^ODL^L^fiSaJE^VTHlc-r-Sir^lc. «-S«aEW 

»^5 3. 6 3. 73, 8 sicHifti-r-ssiifaiaE^- 
vcHic-r-sctiCcfcy. Pf T^MOS h^^vX* 

<DL#t>fflaEE^-VTHlz-r-5. 
t0048] C(7)J;5IC. &X-T 5~ 8(7)^-"7B#|C 

mos h^>i;x^fl)L#t^fiiaQE<D$ft^fii$^:#<-r 
<sc<ticj:y. ^mos h^^vx^oy-^ass* 

«^-T-i>-i:*<-e#'5. tot. S»Sa3fc«fet/-9-> 

? u ^ 4 * tit a?5*<ifc its < y . x 

h4r-v/<v-S»lslKa»JlSt?fci,§SHcDaS!«#Bi] 

A^a-r^fctf). x-r-v^ h++/<vf WtJ-si iotb 

73^T1 Ofre,ffi*£;h.i>«#&Srof3££lS]±£-t»-& 
tO 0 4 9] ^fc, X-f -j^ h + ^/^v^»7tSl UC 

^3t^T. s-x-f-v^s-sro^vBticii. g#£fl|J5rf 

SMOS h^>i>X^(OL#t^fflaE<D^filA</h*< 

-r^*.. &x-r •v^s-sro^-^^ui*. =&s 

&W&ftmS%=f-5 2. 6 2, 7 2, 8 2 (CEP 

an^vau-r^c^icty . Nf^-^Mos 
vx^(DL#t^ai±$vTLic-r-s<t«i=. =&s«aE 

SlJWSffi^SS, 6 3. 7 3. 8 3 izBpm-r ^>ummEE.^ 
-vaicf 5zii:<fcy. PfA-^MOSI>7>v^ 
* <D L £ LMfiaE £ - V TLIc-f *> . 



(8) 



<ftffl¥ 1 1-16 3 6 4 7 



[0050] CCD<fc 51-. =&X-f yT5~8(D*>m\Z 
MOS h^vX$<DL£l*®miEa>*fe*Ni£'h£ <-f 

[00 5 1 3 ft, #X-f v^5~80)^->t$lclt, MO 

[0 0 5 2] 09a.l£. X-<-yf h + t/^MSi 1 
|Cfcl>T. I3S1E*<1V. SmmJ±A<0. 5 VP. N 
ft^MOS h5>vX*0>L#lMi1tlEVTHa<O. 
6V. VTLA<0.3V. V^UMOS h7>vX$ 
(DL#t^fitSE-VTHA<-0. 6 V. -VTb&<-0.3V 

[OO 5 3] ft. =&£«mE1liWJS^5 2. 6 2, 7 
2, 8 2. 5 3, 6 3. 7 3, 8 3 UEPft] ZtlhVWW. 

BEVTHCDH^OfilliO. 6 V (=0 + 0.6) , L^lMI 
fil±VTL<D^ISOfiil*0. 3 V (=0 + 0.3) , MWW 

i£vcnon&<»mtvcn (=o+vch) , «ij^p«eevcl 
©^rofiSiivcL (=o+vcu icfc-s. p^v 

fcto, L#lMtSI±-VTHa>3ll8ScDfitl*0. 4 V (=1 
-0.6) , L£lMtm£-VTLfl>3gJg<DfiSl;fcO. 7 V 
(=1-0.3) . 1|iWmi±-VCH<&Hll8(Dfitl* ( 1 - 

vch) . mmwm-\/cL<r>^m(omt d-va.) irfc 

■5. 

[0054] CCt?. 6 )\> 

BEEI*0. 5 VT?fc-5A*£>. 3iMOSh7>y^^A' 
* L£lMiBl±6<0. 5 V*j»T'^ltHlS 

SJ±A<0. 3 Vifc-gxfcSlc. »*«tt«i»»?-6 2IC 
EPfll-r •& $<] W®I±£ VCLlc-f £ „ 
[0O5 5] *fc. SIXMOS h7>^$©y- h4g 

X*tt7St4i*. S1fimiE$!IW«^6 2lcgiliD-r 

•stwwEsvcLfc-*-**:, b i 4i=#-r*3i=. >j— 
smzmmztix^zmm** aiMos^^^ 



L^3o CCt. 3SMOSh7>v^$»L?^Il 

E£o. evic-raitf. u— ?agi£i*+^ic/jx* 

#l*tt«flE#0. 6VI=fc*J:5f=. 

6 2icBito-r-s*jfflias^vcHic-r-5o 

[0 0 5 6] y±iiaLfcJ:5l:. *351S^gll=<fc^ 

i©*** v?5~8izAj]£ti&ftmmm 1. f 

2. /<— f 1. /<— f 2fc«fct;SiJffllSJEVCH, VCL£± 

[0057] fflffllslt&l 21*. CMOS-f SUES 
13~16j3WA^?-17, 1 8*^f,1iJ?E^4^TL^ 
<&. -r>/<--S»@Kl 3 It. ^gp*Nf,A*^1 8ICA 

f/<-f 2jtlSt5. -f IhISS 1 4 14. -f>/< 

— ^[3BSi 3^f>aj^$tL-s»jfflnt-^/<— f 2©iiau 

HB&1 5 It, nttfr&AAtfft-l 7l=A4l£jfl«MMfll 
*f 1 0>l|9U'<Ji;$jKIE$#rWMfi#/<— f 1 £ife 
it5. -f >/^-*0l!5l 6l±, -f ^EE&l SA 1 * 

&tu*i$*i«tifMi*/<— f i ©aau^iusste^t* 

[0 0 5 8] (Sj, H3»=l*. Wvf 
Si 1 LTiM*Stt*»*l=*il+*. * 

«US^^LTfc*. ::t. «-$dfSpmi±vcH. -VCLO 
*»«>«l*y9:/K«EI=*L<, VCL. - 

f=. s-fljwi-i- f i , f 2. /<— f i , f 2©i&a 
u*;u roj i*^>K*m=*L<. ttauxju 
rij tt«ai«Efc*L<ia**ttr^*. 

[0 0 5 9] *0)tz#>. 7.4 V=f- + 
1 ^j£ffiti*IS<!:LTa6^$-B--Slc|*. «-X-r-y^5. 
8$«Jj£-ri)N^A'^ < IUMOS h7>vX$tf)#y- h 
SaHF-5 0. 8 0£J:i;fi«[3Em?5 2, 8 2 |c« 
il§f 1SA^U #X-f7f5, 8Jifi£t5Pf 
t^MOS h^yvX^KO^y-hS^SI, 8 1 fc s 

*i;a«s«fft«iP»T-5 3. 8 3i=«wi#/<- f i ^ 

A2)U =&X-f<y^6. 7 -5 N^-v^-JUM O S 

(•7>^5>©^y-h^6 0, 7 0fcJ:i;S«mEE 
•WIB6 2, 7 2l=«»H#f 2JA*L. =&7.-f -V 
^6, 7 ^IlifiE-r-SP^Vt-^MOS h7>vX$©ft 
V- hSg^f-6 1.71 fc*l/WEttE«mflHF6 3. 7 
3lc$||pe#/^— f 2$A*1-*lltJ:L^ 
[0060] tC5l!. X-f h*^/<v$a»g1 
1 £lEffllttI«<tLTlfttt£-t±-Sit^|::ld\ X-f^TF 
1 i ^«»DKi 2 £0JMNtJ*«* 



(9) 



1-1 63 6 47 



OS h7>^X^0#y— O. 7 0fcJ:t;SS 
SEfllfWig^ 5 2 , 7 2 f 1£A*L. 
-f'V^5. 7 ^«JiK1-<6Pf i A'^HV10S h7>i/X^ 

ro&y- h«T5 1,71 n&v&fcmfrpm^s 

3. 7 3 f 1 JA*L. #X-f ^6, 

8£8lfilc-f -SN^W-JUMOS h^>iJX^ro€-tr— h 
5ST6 0. 8 OjS < fcl*S«mEE1iiW38 : y-6 2, 8 2 left] 
i»itf 2$A*U. %X^7f 6, 8£«Sj£-r *P^ 
V^-iUVIOS h^>i?X$©#y— hSffl^F-6 1 . 8 1 J3 
<fc tf£ffiSI±S«3S?- 6 3. 83 ^-f2£ 

A;fc-f*il£J:i\. cro^dlc. HiWiag&i ziz^tnt. 

Sy-WSO, 60, 70. 80. 51. 61, 7 

i.8i -SfctoroflJfflilHis&t. ^SffimiEfW 

52. 62, 72. 82, 53, 63. 73. 83 

[006 1] tCit. fitSEWX-fv^h^rV/^V^W 
^glOIC&y-WSO, 6 0. 7 0, 8 0, 5 

1 . 6 1. 7 1. 8 1 ?a{9tifc«>l^. ##JW1# 

f i . f 2. a— f i , a— f 2 ^RE-rs&gtffc 

-So ttotztb. 7.-< y^ h*-w<v$«#S§i o 1 

•&«, (S-st, ^SS^SSlcfcLNT. fliWlE]B&1 2(D«|J$ 

y tflttlft-f « c t lifcl*. 
[0062] S4IC % #X-r «;/ ; ? i 5~8£liJ?£-f -5N ; ^ : ■ 
W•J^ 0 3«fcl;P5 L V:^J^<B : &MOS h^>$?*.$©BiflB 
«jf<D--0!l£**-o LtW^Iv'^V 
«fii2 0±lc. &&<*|g£LTCDv'Ji3>ijHb|g2 1 *< 

>H2 2 (23) mmztir^Zo *^av'j3>B 

2 2 (2 3) ±lz7-h%tm&2 4 (2 5) ^Lt, 
#'Jyij3^b«5y-Hffi2 6 (2 7) rfM&jSS 
ftT^-So v'Ja>IHblg2 1 tK'Jv'J 
a>fr£>J&S»2 (Ss 1 ) 3 4 (3 5) 
tfmtb&-£tiTl^o m*SSi' , Ja>ll2 2 (2 3) iz 
fct^T, 7-Hi&Um2 4 (2 5) (DTffiQIcftjfcf 595 
»lcl*«^:taSSfl)N-S (P-S!) <D?**JUW*5 
4 (5 5) fc^fiSStU : fV*>HUS&5 4 (5 5) (DM 

fflJiriiiST^jeitOP+S (N+S) ©ttifBtJffr 

V— X^HS5 6 (5 7) MUfPls'OmHBB (5 
9) #ff2j££*VC^-o5o ft, S#>&*B«i3 4 (3 5) 
I*. d?&< £t,?**JMM5 4 (5 5) IC?t[SlLTiB 
B£*tTl^.&o V-XSI#5 6 (5 7) icii^KSfiifr 
f>ja-SV-X^2 8 (2 9) #ttg.**u KIWI/* 
ig|5 8 (5 9) l=lot^Bm«IA^^-S. KM >STF3 0 

(3 1) #&H$£;h.. y-hi«2 6 (2 7) 
m@A^i5E-S'y-h^T3 2 (3 3) jW$J&<**U g*> 
4 (3 5) ICli&S«tg^t>fi£S1g2 (ft 

1) ®fttt*E«HMI?3 6 (3 7) *tft«l$4t-CL> 



-So f Lt. V— X«iSE5 6 (5 7) . KW >$MHE5 
8 (5 9) . ft^Sa54 (5 5) , f— ha«&2 
6 (2 7) lC«ky. P^V*JU (N^V=M,) MOS h 
7>vX{i3 8 (3 9) *<8tj££;h.Tl^-&. ft, JlfECD 

[0 0 6 3] J*l±fl)<i:5l=1iJ5E**iy=SO I ^itO'&M 
OSh7>v^3 8, 3 91Cfcl^-CI„t. £«ai±flli» 

sssT3 6, 3 7ict)j{was^BiiiD-rsci:i=<fey. a«> 
a^a«i34. 3 5a)«E$i)8S-rs-<t*<T*^-5„ 
lt. sfimEi*atf)a.^mfii3 4. 3 sromairsf l 

j»mi±^i)3S-r s c <t 1= * y s«tE$mt § z. t a< 

Rjfi6lCJEc*fc«). ±!5LfcJ:5(c, Lei*tt*££K£ 

[0064] 05IC. 5 H =f- 

V^I/fc<tyPf t^K»#MOS K^vXSK&Br® 
«lit0>®HH£j*-fo ISi ^ B5i:feHT. 04lc*Lfcro 

&ni:*jft.vtti::oivci**«t«L< LTfci. pm 

*fcliNS05*tta*> , j3>»*E2 Oilc, ittlv'J 
a >£« 20t jfifttt £ 4c * * 5 ttttTOHMMEa N & 
*fcl*PS<D'7xjU4 6A^JiE^F^^TL^S. 9iJU6 
* I = I* *t ^ttffi it L T N -7 1 )l> 4 O *3 £ 1/ P ^ x ;U 4 
1 A<Bfi££*tTl^So N71MO (P9i^4 1) <T> 
*HH=. S5^$E^«SCDP + S (N+S2) C0V-^«JH6 
6 (6 7) tS&V KUW >««6 8 (6 9) jWf2j$£;fx 
TLN-So V— X^J|t6 6 (6 7) tKU>f>®J|S6 8 
(6 9) tic&^ftfc^-v^-MIJS&e 4 (6 5) ±.IC. 

y-h$ft^tK2 4 (2 5) ^^-LT. ^yi>'J3>A^t, 
fiK-Sy— hmfii2 6 (2 7) 7Wf2J5lc£*l.-Cl.'*£o 

N7i^4o (P9i^4D <n&mz % s^$e^s 

©N + S! (P + S) ©fi£lft@44 (4 5) tfmf&tttlTl* 
-S. V— X^HE6 6 (6 7) (C|*^Smfil^t>J?K*V— 
XSffi : 7 : 2 8 (2 9) *<g«SS^. KU'f>f|*6 8 (6 
9) l-l*#gaS^t>J5£S 0 (3 1) A< 

S^^+t. -y-hmfi!2 6 (2 7) ICli^Satig^iifiE 
i>y-h^3 2 (3 3) «:»@4 4 (4 

5) ici*^smifii*^fiE-s»2 (id <D&i&ms.mm 

%?3 6 (3 7) *<gE^$4^TL^So fLT. V— Xfl 
1SI6 6 (6 7) . KL/-f>H«68 (6 9) . 
«HE6 4 (6 5) . f— hmfi!2 6 (2 7) |rj;y. P 
^■V^iU (N^V4--^) MOSh7>V^*7 4 (7 

5) A<«tfi£$*trtN-So ±SH(D 0 fl-afc^liP^ 
f^*;i/Mos h^^vx^iwJiHELru^-So 

[0 0 6 5] J<AJtO)J;-5IC«tJ,E^ixfc&MOS h7>V 
X974, 7 5IZfcl>TI*. ttfi*EW«l|7-3 6. 3 

7(-$iJWBE*Bi*D-rSwtlc,ky. S£M)cM4 4. 45 



(10) 



1 1-1 6 3 6 4 7 



BtH44, 4 5 0>mE.kmL<uztzit>. &mw&mw 

^3 6, 3 7\zWtia1rZ ) MWmE.Zmm?ZZi:fzJi 

L#iMiaE£ia£-f -set 

[0 0 6 6] (&2&MMm) KIT. *«BJ!£m<*lbL 

[0067] E16IZ. S2HWSIfl)X-f'>f-l-*t/< 
•>^>1»S7 6(Dlsl8&fliJ5££7F-r. X<<;/* h*Y/\°-> 

^»#S7 eoatfizjsivc. m i sushis© x-r^?- 

f 5~8A'Pf-fr^MOS h : 5>i;x$a)^;b'>S>1iJj£ 

[0068]«tot. X-f-vf hWv^l»g7 6 
ICfcl^T*. ^X^f V?-'5~S0>*7&f\Z\tP=J- J rZ-)\' 
MOS h^>vX$<DL£l^ffiai±<D&#{itA<:*£<& 

iciip^-v*;uMos h i 5>vX'$f(DL§riMiai±0>$£ 
*ffit*</M* < J: -5 lc»ffiaff£ Wf -5 C i ic J: 

[0 0 6 9] ffi. X-< h*t/^v$«»S7 6 
«rr«fetf>a>«!IWDtt0fti:. &ttfV1l#/<— f 1 . 
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